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Opening  of  the 

PETER  G.  WINCHELL  SYMPOSIUM  ON  THE  TEMPERING  OF  STEEL* 

Morris  Cohen 

On  January  12th  of  this  year  (1981),  exactly  9  months  ago.  Professor 
Peter  Winchell  passed  away  very  suddenly.  His  valiant  heart,  having 
pulsed  faithfully  for  over  51  years,  stopped  without  warning  while 
apparently  in  full  vigor.  At  that  moment,  a  grievous  loss  was  suffered 
by  his  family,  by  his  students  young  and  old,  and  by  the  world-wide 
metallurgical  profession.  But  there  wa£  something  to  be  grateful  for;  we 
are  told  that  the  fatal  Instant  came  so  quickly  that  he  could  not  have 
experienced  much  pain,  and  we  also  know  that  there  was  no  lingering  illness. 

Several  months  before  his  death,  and  working  with  George  Krauss, 

Peter  had  started  to  organize  a  Symposium  on  the  Tempering  of  Steel.  In 
fact,  he  had  accomplished  most  of  the  programing  on  this  timely  subject 
just  before  his  untimely  death.  Gilbert  Speich  then  joined  forces  with 
George  Krauss  as  co-chairmen,  and  almost  spontaneously  it  was  decided 
not  only  to  go  ahead  with  the  Symposium  as  planned  but  also  to  dedicate 
It  as  a  memorial  to  Peter  Winchell. 

And  so  we  find  ourselves  here  in  Louisville,  under  the  auspices  of 
The  Metallurgical  Society  of  A1ME  and  in  the  presence  of  Peter's  family, 
colleagues,  and  friends,  to  hold  a  two-day  Symposium  on  the  Tempering 
of  Steel. 

Peter  Winchell  received  the  AB  degree  from  the  University  of 
Chicago  In  1948,  the  SB  degree  In  Metallurgy  from  MIT  in  1953,  and  the 

*  Presented  at  the  TMS-AIME  Fall  Meeting,  12-13  October  1981,  Louisville,  KY. 

Morris  Cohen  Is  Institute  Professor  Emeritus,  Massachusetts  Institute  of 
Technology,  Cambridge,  MA  02139. 
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Ph.D.  In  Metallurgy  from  MIT  in  1958.  His  doctoral  thesis  was  on  "The 
Structure  and  Mechanical  Properties  of  Iron-Nickel -Carbon  Martensites." 
It  proved  to  be  an  historical  piece  of  research,  not  only  elegantly 
conceived  and  thoroughly  conducted,  but  it  opened  the  way  for  many 
more  investigations  at  MIT,  and  likewise  at  Purdue  University  where 
Peter  became  Assistant  Professor  in  1958,  Associate  Professor  in  1962, 
and  full  Professor  in  1968.  Over  the  years,  the  thesis  research  super¬ 
vised  by  Peter  Winchell  has  ranged  from  solid-state  thermodynamics  and 
kinetics,  to  diffusion,  to  quantitative  metallography,  to  atomic  con¬ 
figurations  and  displacements,  to  residual  strains,  and  of  course  to 
mechanical  behavior.  But  throughout  his  active  career,  spanning  a 
quarter  of  a  century,  Peter  remained  dedicated  to  one  central  theme  — 
to  unravel  the  mysteries  of  ferrous  martensitic  transformations  and  the 
tempering  of  ferrous  martensites. 

To  point  up  his  impact  on  this  field,  and  in  fact  on  this  very 
Symposium,  I  shall  refer  here  to  only  two  of  his  landmark  papers: 
the  first  from  MIT  in  1962^,  and  his  almost-last  paper  from  Purdue  in 
1980^.  The  1962  paper  was  a  "first”  in  several  ways.  Peter  broke 
new  ground  in  realizing  that  freshly  quenched  martensite  ages  very 
quickly  at  room  temperature  and  it  is  already  changed  before  the  first 
measurements  can  be  made.  He  neatly  circumvented  this  difficulty  by 
designing  a  series  of  Iron-carbon-nickel  alloys  having  the  same  M$ 
temperature,  but  well  below  room  temperature  (-35°  C);  In  this  way,  the 
specimens  could  be  conveniently  prepared  in  the  austenitic  condition  and 
then  subcooled  to  produce  virgin  martensites  for  measurement  or  testing 
at  subzero  temperatures  without  any  Inadvertent  aging.  That  procedure 
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has  now  led  to  a  stream  of  Investigations  around  the  world  on  the  aging 
and  tempering  of  Initially  virgin  ferrous  martensites. 

However,  in  this  approach,  the  virgin  martensites  are  invariably 
associated  with  retained  austenite.  Peter  was  the  first  to  establish 
a  direct  method  for  extrapolating  bulk  properties  back  to  zero  retained 
austenite,  or  up  to  100%  martensite.  By  systematic  treatments,  he  was 
able  to  plot  bulk  measurements  made  at  subzero  temperatures  as  a  function 
of  the  volume  percent  of  martensite,  thus  making  the  aforementioned 
extrapolations  feasible. 

But  on  aging  and  testing  over  a  range  of  subzero  temperatures,  Peter 
noted  that  aging  sets  in  even  at  temperatures  as  low  as  -60°  C.  For 
example.  Figure  1  illustrates  how  the  hardness  at  -195°  C  varies  with 
aging  temperature  for  Fe-C-Ni  alloys  with  increasing  carbon  content^. 

This  was  the  first  time  it  was  clearly  demonstrated  that  aging  processes 
in  virgin  martensites  can  start  at  surprisingly  low  subzero  temperatures, 
and  that  such  aging  causes  an  increase  in  hardness,  superimposed  on  the 
hardness  of  the  virgin  martensite.  Also,  this  age  hardening  reaches  its 
maximum  at  or  somewhat  above  room  temperature  and,  therefore,  plays  a  role 
in  the  observed  strength  of  as-hardened  steels  when  typically  quenched  to 
room  temperature.  This  aging  Increment  is  now  attributed  to  the  diffusion- 
dependent  clustering  of  carbon  atoms  within  the  martensite, prior  to  any 
carbide  precipitation  which  might  otherwise  be  characteristic  of  the 
conventional  first  stage  of  tempering.  All  of  these  phenomena,  treated 
in  Winchell's  early  HIT  paper,  have  provided  a  firm  foundation  for  much 
of  the  subsequent  research  on  the  aging  and  tempering  of  ferrous  martensites 


up  to  the  present  time;  it  will  certainly  show  through  in  several  of  the 
papers  to  be  presented  during  this  Symposium. 

Another  milestone  was  reached  in  the  1980  Winchell  paper^  with 
P.  C.  Chen  on  "Martensitic  Lattice  Changes  During  Tempering."  That 
outstanding  contribution  could  easily  have  formed  the  keynote  lecture 
for  this  Symposium.  In  the  1980  paper,  a  precision  x-ray  diffractometer 
was  constructed  to  study  the  aging  and  tempering  of  a  l%C-18%Ni  martensite, 
with  an  temperature  of  -60°  C  and  initially  in  the  virgin  condition. 
These  experiments  were  carried  out  in  remarkable  detail.  Figure  2  shows 
the  changes  in  the  tetragonal  martensite  (002)  peak  profile  after  aging 
or  tempering  at  closely  spaced  temperatures  from  -45  to  +450°  C.  The 
same  thing  was  done  for  the  (200)  and  (020)  peak  profiles.  Each  of  these 
peaks  was  then  carefully  analyzed  for  interplanar  spacings,  integrated 
intensities,  and  halt-maximum  peak  widths. 

Figure  3  summarizes  the  results  for  the  (002)  peaks.  Note  the 
decrease  in  integrated  intensity  well  before  the  (002)  interplanar 
spacing  begins  to  change.  This  is  taken  to  be  evidence  of  an  increase 
in  the  mean-square  displacements  of  the  iron-atoms  due  to  clustering 
of  the  carbon  atoms  in  the  martensite,  but  still  staying  within  the 
original  set  of  octahedral  sites.  Also,  we  see  the  early  appearance 
of  low-tetragonal  martensite,  labelled  C,  in  contrast  to  the  high 
tetragonallty  of  the  original  martensite,  labelled  M,  but  the  latter 
has  now  begun  to  decrease  in  tetragonal ity.  At  first,  the  axial  ratio 
of  the  C  phase  is  less  than  unity  (i.e.  the  002  spacing  Is  smaller  than 
the  spacing  of  cubic  ferrite),  but  the  axial  ratio  soon  Increases  to 
slightly  greater  than  unity.  This  finding,  entirely  new  and  only 
revealable  by  the  highly  sensitive  techniques  applied  to  the  problem. 


led  the  authors ^  to  conclude  that  the  low  tetragonal ity  Is  due  to  coherency- 
strain  effects  between  precipitated  carbide  particles  and  the  adjacent 
carbon-depleted  matrix.  With  further  aging,  the  original  M  (002)  peak 
broadens,  while  the  new  C  (002)  peak  (which  is  very  broad  as  first 
detected)  progressively  sharpens  and  eventually  becomes  cubic  when  the 
coherency  is  lost. 

Chen  and  Winchell^  called  this  early  (^-50°  C)  carbide  a  transition 
precipitate;  it  corresponds  to  the  beginning  of  the  conventional  first 
stage  of  tempering.  It  also  appears  that,  in  the  tempering  range  of 
50  to  100°  C,  changes  occur  In  the  proportions  of  orientation  variants 
of  the  martensitic  plates,  perhaps  because  of  internal  twin-interface 
movements.  This  signifies  the  occurrence  of  subtle  plastic  flows  during 
early  tempering  which  could  bear  on  the  microcracking  problem  in 
hardened  steel . 

The  two  examples  of  Winchell -Inspired  research  which  are  highlighted 
here  serve  to  demonstrate  the  essence  of  Peter's  professional  approach 
to  life:  original  ideas,  thoughtful  planning,  elegant  experimentation, 
careful  analysis  of  results,  and  conclusions  drawn  with  utmost  integrity. 

And  along  with  all  that,  as  many  of  us  will  know,  he  was  also  a  most 
considerate  human  being  in  arguing  differences  of  opinion. 

We  shall  long  remember  Peter  Winchell.  This  Symposium  and  the 
publication  of  its  papers  will  certainly  help  make  that  memory  secure. 

But  in  addition,  we  have  prepared  a  further  remembrance  of  this  day  in 
the  form  of  an  original  piece  of  metallurgical  art,  called  "Martensitic 
Impressions."  And  I  am  now  privileged  to  present  It  to  Barbara  Winchell. 

The  inscription  reads: 
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"This  esthetic  conception  o&  "Ha*tensitic  Tmp*essions"  was 
designed  and  fashioned  by  Anthony  J.  Zona  oi  the  VepaAtment  oi 
Matenials  Sc tenet  and  Engineering  at  MIT,  in  memo*y  oi  Pete*  G, 
Winched  oi  Pu*due  llnive*sity  who  died  at  the  height  oi  his 
wo*td-*enomed  metaJduAgical  caA.ee*  on  12  Janua*y  1981.  The 
sculptune  u  being  p*esented  to  the  Pete*  Winched  Family  in  the 
name  oi  hu  numenous  codeagues  and  students,  who  a*e  now  hern 
both  in  body  and  in  spi*it,  and  who  a*e  g*ateiuJt  io*  having 
known  him,  io*  having  studied  unde*  him,  and  io*  having 
beneiited  i*om  hu  lasting  *esea*ch. 

"Jt  u  especially  iitting  that  this  memoAialization  can 

take  place  at  the  TMS  Sgmpo£>tuin  on  the  Tempering  oi  Steel, 

which  beau  the  unique  halima*k  oi  Pete *  Olinched  and  his 

good  wo*ks." 

Pnesented  in 
Louisville,  Kentucky 
Octobe *  12,  1981 
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Captions 

Figure  1.  Hardness  at  -195°  C  of  iron-carbon.nickel  martensites  after 
aging  for  3  hr,  at  temperatures  plotted^. 

Figure  2.  002  peak  profiles  for  martensite  (0.98C-rl8Nt)  formed  in  a 

single  crystal  of  austenite  and  aged/tempered  at  successively 
higher  temperatures  as  indicated  (isochronal  times  * 

1.2  1/2  hr.)(2*. 

Figure  3.  (a)  Interplanar  spacing,  (b)  integrated  intensity  (1,1.1, 

and  (c)  half-maximum  width  of  002  martensite  (Q.98C  .  18Ni) 
peak  as  a  function  of  aging/tempering  temperature j  based  on 
peak  profiles  in  Figure  2.^ 
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